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» NuMI has delivered 15x102° protons to the experiment (250 coulombs)
» 12 in neutrino beam focus
» 3 in anti-neutrino beam focus

Total Protons (E20)
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A snapshot of MINOS neutrino physics

Vu disappearance

Vp disappearance

Vu appearance

Ve appearance

Time of flight
Active-sterile mixing

CPT violation

Non-standard, flavor-
changing interactions

|Am?| = 2.331] 52 meV?

sin?(26) > 0.90

|Am?| = 2.627)55 meV?

sin?(20) > 0.75

< few percent
2sin®(fa3) sin®(2613) = 0.04177 5]

2 sin®(53) sin®(2613) = 0.07970 073

V—C

— =(5.1£29) x 107°

fs < 22%, O34 < 260, Ooq < 7°

Using neutrinos: a < 1 x 1072% GeV
c<1x107%

Using anti — neutrinos : a < 1 x 1072° GeV
c<1x107%
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Do neutrinos and anti-neutrinos oscillate the same way?
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VM — Vp, arXiv:1202.2772 [hep-ex]

Do neutrinos and anti-neutrinos oscillate the same way?
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Do muon neutrinos oscillate to electron neutrinos?
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4 x 20 tons target Daya Bay: Poerful reactor by mountains
mass at far site '

Experiment layout
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The Daya Bay Detectors

Los Alamos Science, Number



Neutrino candidates
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statistics of the NuMI mediun
energy beam to explore
oscillations at high energy.
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Mass hierarchy and the nature of the neutrino
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Combining NOVA with

12K In worst case

As NOVA runs both neutrinos and
antineutrinos its contours are
relatively straight. T2K’s contours
trace an “S” which intersects
NOvVA’s contours in the lower part
of the plot.



Combining NOVA with T2K
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LBNE physics reach: Neutrino physics
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LBNE physics reach: Proton decay
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—vents in NOVA

Topologies of basic
Interaction channels shown
at right. Each “pixel” is a
singe4cmx6cecmx 15 m
cell of liquid scintillator

Top: vy charged-current
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Need >100:1 rejection
against background

Detector challenge: Achieve
large target mass (10’s+
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high granularity to avoid
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Time of flight improvement plan

Phase 1 Phase 2 Phase 3
6-9 months 12 months 2013 onwards
Re-analyse existing Hardware improvements |Further hardware
data, reducing for 2012 data taking improvements

dominant uncertainties

Beam energy and
intensity upgrades

19-35 ns sys. uncertainty

11-18 ns sys. uncertainty

2-7 ns sys. uncertainty




V,_,, — VN Phys.Rev.Lett. 106 (2011) 181801

arXiv:1103.0340v1 [hep-ex] 2 Mar 2011

Analysis Improvements In Latest Results

e Statistics
e Data set more than double the size of the previous report
e Added event samples

e Fit both positive and negative track charge signs. Important to reclaim
events with short tracks in oscillation peak which previously were lost to
iIncorrect charge assignment.

¢ Include events with vertices outside the detector fiducial volume
(detector + rock) which produce entering muon tracks. So called
“partially reconstructed events”.

e Improved low energy particle identification. 77% efficient below 2 GeV
with 6.5% NC background rate.

¢ Analysis improvements
e Analyze events separated energy resolution

e Improved hadronic energy estimator using multivariate technique



Events

Phys.Rev.Lett. 106 (2011) 181801
arXiv:1103.0340v1 [hep-ex] 2 Mar 2011
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KNN technique uses average properties of simulated events
from neighborhood around event to characterize event

1 * Number of hit planes in primary shower
1 * Energy of first two showers
e Shower energy within 1 m of track vertex



